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The spin absorption process in a ferromagnetic material depends on the spin orientation relatively
to the magnetization. Using a ferromagnet to absorb the pure spin current created within a lateral
spin-valve, we evidence and quantify a sizeable orientation dependence of the spin absorption in
Co, CoFe and NiFe. These experiments allow determining the spin-mixing conductance, an elusive
but fundamental parameter of the spin-dependent transport. We show that the obtained values
cannot be understood within a model considering only the Larmor, transverse decoherence and spin
diffusion lengths, and rather suggest that the spin-mixing conductance is actually limited by the
Sharvin conductance.
The absorption of spin-currents at ferromagnetic/non
magnetic interfaces is a fundamental ingredient of many
spintronic phenomena such as the spin transfer torque [1–
3] and the spin-orbit torques (SOT) [4, 5]. In both cases,
irrespectively of their initial orientations, the injected
spins eventually align with the local magnetization, and
as the corresponding angular momentum is transferred
to the magnetization, a torque is exerted. Several mag-
netoresistance effects, from giant magnetoresistance to
spin-Hall magnetoresistances (SMR)[6], also involve the
spin dependent absorption/reflection at interfaces with
ferromagnets.
The relaxation of incoming spins on the local magneti-
zation occurs via different relaxation processes depending
on the orientation of the spin with respect to the local
magnetization. On one hand, the longitudinal spin com-
ponent is absorbed over the spin diffusion length lsf . As
lsf is larger than the mean free path l∗ of the material,
this phenomena is well described by the Valet-Fert diffu-
sive model [7]. The absorption of the longitudinal spin
current is proportional to the spin-flip rate, and thus in-
versely proportional to the material spin resistance Rs
[8]. On the other hand, the transverse component of the
spin, relaxes on a very short (ballistic) length scale asso-
ciated with the Larmor precession of the conduction elec-
trons spins around the strong s-d exchange field of the
ferromagnet [9] or around the local spin-orbit field. This
leads to decoherence, and possibly to the appearance of
spin transfer torques [10]. Another source of transverse
spin relaxation is the conduction band mismatch at the
interface between the two materials, which leads to spin-
dependent transmission and reflection processes [1, 10].
Both these ballistic effects likely play a role in the absorp-
tion of the transverse component [9]. As the character-
istic lengths involved in the transverse case are expected
to be smaller (typically 1 to 2 nm [11, 12]) than in the
longitudinal case [16] (typically 8 nm in Co and 5 nm
in NiFe), one may anticipate a much larger absorption
efficiency for the transverse spin component.
As transverse spins get absorbed on a very short length
scale, the description of the absorption process only re-
quires the addition of a single parameter with respect to
the Valet-Fert theory: the interfacial spin-mixing con-
ductance [12]. However, and despite attempts using the
Hanle effect and Spin Hall Magnetoresistance [13, 14],
this parameter remains very difficult to measure experi-
mentally [15].
In this letter, we present the experimental evidence of
a strong spin absorption anisotropy in 3d ferromagnets,
using a lateral spin valve (LSV) with a nanodisk-shaped
magnetic absorber (cf. 1a). Using the non-local measure-
ment configuration shown in 1b, a pure spin current is
created within the Cu channel of a LSV, with a spin ori-
entation along Y. A ferromagnetic nanodisk placed along
the channel acts as an absorber of the spin current. The
output spin signal of the LSV then varies with the orien-
tation of the absorber magnetization, which is controlled
by an external magnetic field. The anisotropy of the
spin absorption is found to be significant, with spin sig-
nal variations of around 40%. We use a dedicated spin
transport model to extract from these data the spin mix-
ing conductance of the interfaces between Cu and Co,
CoFe or NiFe. Finally, the comparison of our experimen-
tal results with previous ab-initio calculations indicates
that the relaxation of the transverse component cannot
be understood without considering the existence of an
upper limit to the spin-mixing conductance given by the
Sharvin conductance.
In order to obtain large spin signals at room tempera-
ture, the ferromagnetic source and detector of the LSVs
are made of CoFe [20]. The non-magnetic channel is
made of Cu, in order to take benefit of its long spin-
diffusion length, and of rather small resistances of the
interfaces with ferromagnetic parts [21]. The absorber is
formed by a nanodisk made of Co, CoFe, or NiFe. In con-
tact with the channel, it acts as a spin sink, i.e., a pure
spin current flows towards the absorber to relax the spin
accumulation. LSVs without absorber, elaborated in the
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2Figure 1. (a) Magnetization (black and gray arrows) and spin
current (green arrows) in the LSV, with the Cu in orange
and the ferromagnetic material in grey. The green arrows
represent the spin current direction and the blue arrows its
spin polarization. The ferromagnetic nanodisk absorbs part
of the pure spin current created by the left electrode. The two
perpendicular arrows on this absorber indicate two possible
magnetization orientations, collinear or transverse to the in-
jected spins. The spin signal, measured on the right side of the
device, depends on the relative orientation of this magnetiza-
tion with the injected spins. (b) Colored Scanning Electron
Microscopy (SEM) image of a reference LSV, i.e., without ab-
sorber. The orange part corresponds to the Cu channel, and
the grey to the ferromagnetic electrodes. (c) SEM image of
a lateral spin valve with a ferromagnetic absorber. The fer-
romagnetic elements are all 30 nm thick. The ferromagnetic
electrodes are 50 nm wide and the absorber has a diameter of
80 nm. The center-to-center distance between the source and
drain is 300 nm. The non-magnetic Cu channel is 80 nm thick
and 80 nm wide. (d) Comparison of the non-local measure-
ment for a reference LSV and for a LSV with absorber, when
applying a magnetic field along the electrodes easy magneti-
zation axis (Y-axis).
same batch, are used as non-local MR signal references
(fig. 1b).
The devices have been patterned on PMMA by e-beam
lithography on a SiO2 substrate, followed by physical va-
por deposition and lift-off. The nanodisk has been de-
posited in a first step. The ferromagnetic electrodes and
the non-magnetic channel have been deposited during the
second and third steps, respectively. Argon ion beam
milling is used before Cu deposition, in order to obtain
clean interfaces. The transparency of the interfaces in
our devices [22, 23] is large, giving rise to a small inter-
face resistance of the order of 1 fΩ.m2, consistent to those
obtained in Ref. [24], and corresponding to the smallest
values that can be achieved in disordered interfaces [12].
We also measured in theses devices large effective po-
larizations [20, 25] and record giant magnetoresistances
(more than 10% [26]) in lateral devices, which indicates
that the spin memory loss at the interface can be ne-
glected. The resistances, spin diffusion lengths and spin
polarizations of the different materials are given in Sup-
plemental Materials.
Magnetoresistance measurements have been performed
using lock-in techniques (I=300µ A; f=330 Hz). All mea-
surements have been performed at 300K. The probing
configuration, shown in fig. 1b, is that of a non-local mea-
surement [27]. In a reference LSV, without absorber, a
current flowing through the left-side ferromagnetic/non-
ferromagnetic interface (the injector) generates a spin ac-
cumulation, and thus creates a pure spin current along
the non-magnetic channel, with a spin polarization vec-
tor collinear to the injector magnetization. At the de-
tecting electrode, on the right-hand side, the remaining
spin-accumulation yields a voltage drop at the CoFe/Cu
interface [27]. Such a non-local probe technique allows
avoiding spurious effects, as the spin-current along the
channel is pure, i.e., free of any charge flow [27]. When
adding an absorber to the LSV (fig. 1c), the spin current
is partly absorbed by the nanodisk. The parallel and
antiparallel magnetization states between the two elec-
trodes correspond to a high and low voltage drop at the
interface, respectively [28]. The spin signal amplitude,
∆R (in Ohms), corresponds to the difference of potential
between these two states, divided by the injected charge
current. As seen in fig. 1a, when an absorber is inserted
it acts as a sink for the spin accumulation, diverting part
of the spin current. As expected, this leads for all mate-
rials to an important decrease (70-80%) of the spin signal
amplitude ( 1d) with respect to the reference LSV[16].
Measurements acquired for magnetic fields applied
along the X or Y direction are shown on Fig. 2a, with
the corresponding states of magnetization of the LSV re-
ported on Fig. 2b. At zero field, the magnetization of the
absorber is in a vortex state (cf. state 1 of fig. 2b, see also
micromagnetic calculations in Supplemental Material).
A relatively small in-plane magnetic field (typically 0.1T)
saturates the nanodisk magnetization, while the mag-
netization of the electrodes is left essentially unchanged
because of the shape anisotropy (cf. states Q,R,A,B of
fig. 2b).
For large fields along X, the magnetization of the elec-
trodes rotates towards X, with a saturation at around
1T (state 3). For large fields along Y, one observe the
sudden magnetization switching of the electrodes at 0.2
and 0.3T, respectively.
The transverse magnetic configuration, in which the in-
3Figure 2. (a) Non-local measurement of the LSV with ab-
sorber when applying a magnetic field along the Y (green)
and X-axis (red). (b) Magnetic configurations of the injector,
absorber and detector, for magnetic fields applied along the
X-axis.
coming spins are transverse to the magnetization of the
absorber, matches with the states Q and R of Fig. 2b.
The spin signal difference between these two states cor-
responds to the so-called transverse spin signal amplitude
∆R⊥ = RQ − RR. As displayed on Fig. 2a, this trans-
verse spin signal amplitude is notably smaller than the
collinear spin signal amplitude ∆R// = RA −RB .
Changing the magnetization orientation of the ab-
sorber by application of a small magnetic field leads
to a large modulation of the spin signal, by about
(∆R// − ∆R⊥)/∆R// ∼ 40%. As shown in Fig 3a, the
spin signal variations between the parallel and transverse
configurations are of the same order of magnitude for the
three different materials. Note that this has been ob-
served for each material in several sets of devices, with
a good reproducibility. Moreover, using micromagnetic
simulations, we have checked that the decrease of the spin
signal in the transverse configuration does not originate
from the Hanle effect around the external or the demag-
netizing magnetic field (see Supplemental Material).
This variation of spin signal between the transverse
and collinear configuration is a clear manifestation of the
spin absorption anisotropy in ferromagnets. For all the
studied ferromagnetic materials we systematically find
the absorption to be more efficient in the transverse con-
figuration.
At the interface between the channel and the absorber,
the spin accumulation can be represented by a vector ∆µ.
It leads to the occurrence of a pure spin current diffus-
ing along z, jsz , whose three components give the spin
polarization direction and amplitude. The relationship
between the spin accumulation and the spin current is
given by [6]:
jsz = Gs(m ·∆µ)m+G↑↓m× (∆µ×m) (1)
wherem is the unit magnetization vector of the absorber.
The absorption of the collinear component of the spin
current is described by the spin conductance Gs, and G↑↓
stands for the spin mixing conductance relevant for the
two non-collinear spin components. Here we neglect its
imaginary part, typically one order of magnitude smaller
than its real part for metallic interfaces [12]. These quan-
tities may describe both ballistic and diffusive aspects,
and control the dependence of the spin absorption upon
the spin direction. Although difficult to measure with a
large precision, Gs and G↑↓ are fundamental interface pa-
rameters, and key values to understand interface-related
magnetoresistances, STT, and SOT [10].
In the following, we propose an analysis of our experi-
mental results allowing to extract Gs and G↑↓. To these
ends, We combined an advanced analytical approach with
discrete numerical calculations to compute the spin signal
as a function of Gs and G↑↓ (cf. Supplemental Material).
The method consists in solving the equations proposed
by Petitjean et al. [9], adapted to the case of large fer-
romagnetic thicknesses, in order to obtain the spin cur-
rent within the device geometry. Apart from Gs and
G↑↓, considered as free parameters, the different material
properties used for these calculations are extracted inde-
pendently from lateral spin-valves measurements [16].
In fig. 3b we use our theoretical modeling (blue
curve) to extract the values of Gs (colinear case) or
G↑↓ (perpendicular case) from our experimental mea-
surement of ∆R. The results are summarized in Ta-
ble I. The variations of (∆Rref − ∆R//)/∆Rref on Gs
and of (∆Rref −∆R⊥)/∆Rref on G↑↓ predicted by our
model are found to be identical, ∆Rref being the spin
signal amplitude of a LSV without absorber. These vari-
ations are thus represented by the single blue curve.
This particular feature may be understood by remind-
ing that the imaginary part of G↑↓ has been neglected,
and that the absorber thickness is larger than the re-
laxation lengths (cf. Supplemental Material). The posi-
tion of the symbols along the Abscissa corresponds to the
measured absorption efficiency. For the collinear config-
uration ((∆Rref −∆R//)/∆Rref ), from the blue curve,
one then can have access to the corresponding value of
Gs in our system. Similarly, G↑↓ can be deduced from
the absorption (∆Rref − ∆R⊥)/∆Rref acquired in the
transverse case. The absorption being enhanced in the
transverse configuration, G↑↓ is larger than Gs. The en-
semble of values extracted is gathered in table I. In the
collinear case, we will conclude that Gs is similar to that
measured previously in lateral spin-valves [16]. In the
transverse configuration, the values of G↑↓ extracted are
4of the same range of magnitude than the few existing
data, either given by SP-FMR [31] or by Hanle effect
experiments [13].
Let us now compare the experimental conductances
to the theoretical predictions, first considering a simpli-
fied picture based only on the relaxation lengths such
as proposed in Ref. [30]. The main hypothesis are the
following: i) the interface is purely transparent, ii) the
relaxation of the collinear spin component is controlled
by the rate of spin-flip scaling with the inverse of the
absorber spin diffusion length [7, 8], and iii) the relax-
ation of the transverse spin component is mainly con-
trolled by the correlated Larmor length, lL, and the
transverse spin relaxation length, l⊥ [9]. In these hy-
pothesis, Gs depends on λF , the spin diffusion length of
the absorber. Here, the thickness of the absorber is much
larger than the typical spin diffusion length λF of 3d fer-
romagnets [16]. Consequently, in the collinear case the
efficiency of the absorption scales with an effective spin
conductance, Gs = 1/Rs, inverse of the spin resistance
Rs = ρFλF /(1−β2F ), where βF is the absorber polariza-
tion, and ρF its resistivity.
Using data from previous experiments [16], Gs is
deduced to be close to 0.61+0.26−0.20 · 1015, 0.62+0.05−0.08 · 1015
and 0.5+0.25−0.16 · 1015 Ω−1 m−2 for NiFe, CoFe and Co re-
spectively. As one may note, these values are consis-
tent with those obtained here using the blue curve of
Fig. 3b. On the other hand, in the transverse case,
within our simplified picture of relaxation length de-
pendence, the spin mixing conductance denoted here
GL↑↓ (where L stands for ’Larmor’) may be estimated at
GL↑↓ ≈ 1/[(min(lL, l⊥)ρF ], since λF  lL, l⊥. According
to ab-initio calculations [9], this leads toGL↑↓ values rang-
ing from 3 · 1015 Ω−1 m−2 for NiFe to 13 · 1015 Ω−1 m−2
for Co. In the absence of computed values for lL and l⊥
in CoFe, no prediction can be made for the value of G↑↓.
However, by considering the values given for Co and Fe
in Ref. [9] it seems safe to assume that GL↑↓ is larger than
3 · 1015 Ω−1 m−2.
This simplified approach, in which the sole transport
lengths determine the spin absorption, predicts values of
Gs (c.f. table I) close to our measurements. However,
those appear much larger than the experimental ones
which goes in favor of additional dependence than the
spin diffusion, Larmor precession and transverse decoher-
ence lengths. We suggest in the following that, even at
room temperature, one needs to consider a ballistic con-
tribution. As the density of conduction channels in Cu is
finite, the transverse spin absorption is somehow limited.
The physical quantity associated to this quantum limita-
tion of the interface conductivity is the Sharvin conduc-
tance [35], and although a key parameter of transport, it
seems rarely taken into account in pure spintronics ex-
periments [15].
Up to a small correction that characterises the spin
dependence of the reflection at a given interface, the spin-
mixing conductance is expected to be rather close to the
Sharvin conductance [12]. Here, our experimental values
of G↑↓ are indeed comparable to the Sharvin conductance
Gsh = 1.2 · 1015 Ω−1 m−2 of 3d/Cu interfaces obtained
by ab-initio methods [12].
Figure 3. (a) Relative decrease of the non-local spin signal
amplitude from the parallel to the transverse configuration.
Each symbol corresponds to a single device. (b) Relative vari-
ation of the spin signal amplitude when inserting an absorber,
as a function of the interface conductance G = Gs (in the
collinear case, in green) or G↑↓ (in the transverse case, in red).
Different symbols correspond to different materials. The blue
curve has been obtained with the model proposed in (cf. Sup-
plemental Material), and is valid for both the collinear and
transverse case. The absorption values are experimental. The
error bars reflects the experimental dispersion of the absorp-
tion from device to device
Cu/CoFe Cu/Co Cu/NiFe
Gs (10
15Ω−1m−2) 0.48± 0.2 0.76± 0.1 0.62± 0.1
G↑↓ (1015Ω−1m−2) 0.91± 0.1 1.1± 0.2 0.93± 0.1
Table I. Extracted spin conductances Gs and effective spin
mixing conductances G↑↓ of the Cu/F interface between the
channel and the absorbing nanodisk, at room temperature.
These values have been extracted from the experimental ab-
sorption efficiencies and by using the blue curve of Fig. 3b.
We can thus explain our results in a simplified man-
ner by taking into account in series both the Sharvin
conductance Gsh and the real part of the spin mixing
conductance GL↑↓ within the relaxation lengths picture,
so that the overall spin mixing conductance writes in
fine 1/G↑↓ = 1/Gsh + 1/GL↑↓. According to previous ab-
initio calculations [12], the Sharvin conductance is typi-
cally 3-10 times smaller than the estimations of GL↑↓, i.e.,
5GL↑↓  Gsh. The spin absorption in the transverse case
is thus actually limited by the Sharvin conductance, and
the experimental values ofG↑↓ remains close to the values
of Gsh in Cu.
Note that, as proposed by K. S. Das et al. [17], our
device can be also used as a spin transistor, whereby the
absorber constitutes a magnetic gate allowing a signifi-
cant modulation of the spin signal. The 40% variations
observed here reveal indeed relatively large with respect
to the state of the art [18, 19]. This contrast could even
be enhanced by increasing the difference between G↑↓
and Gs. This may be obtained by minimizing the spin
absorption in the collinear case, e.g. by using a thin ferro-
magnet with a long diffusion length. Although this might
seem at first counter-intuitive, one has to remind that the
idea is not, to maximize the absorption [30, 32–34], but
rather to enhance the contrast between the collinear and
transverse spin signals.
To conclude, we used LSVs possessing a ferromagnetic
absorber to study the absorption of pure spin currents
from a Cu channel into Co, CoFe and NiFe, for both
the collinear and transverse configurations. The over-
all absorption is found to be large. Nonetheless, in the
transverse geometry a significant reduction of the spin
signal is obtained with respect to the parallel case. Us-
ing analytical modelling, we were able to extract the spin
mixing conductance at the interface between copper and
NiFe, CoFe or Co. These values are too small to be un-
derstood by considering the sole role of the relaxation
lengths (Larmor, transverse decoherence and spin diffu-
sion lengths). Comparisons with ab-initio calculations
rather suggest that the absorption of the transverse spin
is actually limited by the Sharvin conductance. This up-
per bound of the conductance might thus play an im-
portant role in spintronics, as most magnetoresistances
and spin transfer torques involve spin currents crossing
non-magnetic/ferromagnetic interfaces.
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